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(57) Abstract 

An apparatus and system comprising electrical 
interconnection devices (EIDs), such as printed 
wiring boards (100), semiconductor packages (101), 
and printed circuit boards, having novel via and 
signal trace positioning. The vias (140) may be 
positioned off-center from the pattern of the surface 
pads (102, 103). Via groups, or staircase vias, 
connect surface pads with vias extending into the 
electrical interconnection device. The via groups 
convert the pad geometry on the surface to a more 
open via pattern on one or more internal layers. 
The EID comprises a plurality of pads formed 
on a surface for providing electrical connections 
to another EID. A plurality of vias each extend 
from a corresponding pad to another layer of the 
printed wiring board. Each via is offset from a 
central location of its corresponding pad. A via 
group comprises a plurality of vias with a first via 
connecting a surface of the electrical interconnection 
device to a first inner layer electrically connects a 
pad on a surface of the electrical interconnection 
device to a second via. The second via extends 
from the first inner layer to a second layer of the 
electrical interconnection device. The centers of 
the first via and the second via are non-coil inear. 
Another EID includes a uniformly spaced set of pads 
on the surface. Via groups, comprising a first iset 
of vias and a second set of vias, extend from the 
uniformly spaced surface pads. Spacing among the 
second set of vias is non-uniform. 
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TITLE: APPAI^4.TUS AND SYSTEM WITH INCREASED SIGNAL TRACE ROUTING OPTIONS IN 
PRINTED WIRING BOARDS AJSD INTEGRATED CIRCUIT PACKAGING 



Tliis invention relates to device packaging and primed wiring boards, in general, and, more 
panicularly, to placement of vias and signal traces for signal routing. 

2. Description of the Related Art 

Printed wiring boards are often built of several layers joined together, often by lamination. The surface 
or top layer usually has surface pads for connecting integrated circuits such as computer chips, memones, etc. 
These surface pads are usually placed in a pattern that matches the cormeciors on an integrated circuit to be 
mounted on the printed wiring board. The surface pads are most often placed in arrays, as will be seen below 
with respect to Figs. 2A and 2B. 

To make connections between various components mounted on the printed wiring board, signal traces 
link the surface pads with power, ground, etc. As there are often more signal traces than can be reasonably 
manufactured on only the surface layers^ vias are used to connect signal traces placed on various internal layers 
to the surface layers. To lower infrastructure costs by following industry standard practices, the vias are usually 
placed in the same uniform array pattern as the surface pads, with rows and columns of vias. The vias connect 
to the surface pads on the surface layer and are additionally connected as needed to various signal traces on the 
other layers. 

As the number of layers increases, the cost of manufacturing the printed wiring board increases. To 
decrease the nunniber of layers' used, the number of signal traces between the vias may be increased, that is, 
instead of a single signal trace benveen each pair of rows or columns, rwo or more signal traces are placed, 
Since the vias normally comprise a uniform array with pitch spacing set by agreement or industry standards to 
correspond to the surface pads, placing rvvo signal traces instead of one signal trace requires that the two signal 
traces be thinner, i.e. have a smaller width. A signal line must have a cenain minimum width for the signal 
trace to be manufacturable with a high degree of reliability. The thinner the signal trace, the more expensive the 
signal trace is to manufacture. So building printed wiring boards with more layers may prove less expensive, in 
some instances, than building fewer layers with thinner signal traces. 

Integrated circuit packaging may now include technology originally designed for printed wiring 
boards. For example, some integrated circuits include what is, in essence, a rruniature printed wiring board 
between the semiconductor itself and the plastic or ceramic packaging, which encases and protects the 
semiconductor. This miniature printed wiring board converts the signal outputs of the semiconductor to the 
connector pinout that corresponds to the pnnted wiring board pads. What is needed is a way to build electrical 
interconnection devices, such as senuconductor packages and pnnted wiring boards, less expensively while 
providing sufficient signal traces. 



BACKGROUND OF THE INVENTION 
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SUMMARY OF THE I NVENTION 
The problems ouiiined above are m large part solved by an apparatus and system comprising electrical 
interconnection devices, such as printed wiring boards, senriiconductor packages, and printed circuit boards, 
having novel via and signal trace positioning. In one embodiment, the vias are repositioned off-center from the 
5 pattern of the surface pads, while the surface pads rtm?i'n in their desired pattern. This embodiment may 
advantageously increase signal trace routing density. In another embodiment, via groups, also referred to as 
staircase vias, connect surface pads with vias extendmg into the ek.ctrical interconnection device. The via 
groups preferably convert the pad geometry on the surface to a more open via pattern on one or more internal 
layers. These embodiments may advantageously increase signal trace routing density, which may allow for the 
10 electrical interconnection device to have fewer layers, yet still maintain ease and cost of manufacturability. 

A first embodiment includes a pnnted wiring board upon which a semiconductor package is to be 
mounted. The printed wiring board comprises a plurality of pads formed on a surface of the primed wiring 
board for providing electrical connections to the semiconductor package and a plurality of vias each extending 
from a corresponding pad to another layer of the prmted- wiring board. A related embodiment includes a 
15 semiconductor package for mounting upon a prmted wirmg board, TTic seniiconductor package comprises a 
plurality of pads formed on a surface of the semiconductor package for providing electrical connections to the 
printed wiring board and a plurality of vias each extending from a correspoading pad to another layer of the 
semiconductor package. In both embodiments, each of the plurality of vias is offset from a central location of 
its corresponding pad. This feature may advantageously allow for greater spacing between various vias, 
20 allowing more signal traces to be placed therebetween. Additional related embodiments include a printed 
circuit board comprising a printed wiring board with an integrated circuit attached. Either or both of die printed 
wiring board and integrated circuit include a via offset from a central location of its corresponding pad. 

A further embodiment is contemplated that includes a via group comprising a plurality of vias. In one 
implementation, a first via connecting a surface of the electrical intercoimection device to a first inner layer 
25 electrically cormects a pad on a surface of die electrical interconnection device to a second via. The second via 
extends from the first inner layer to a second layer of the electrical interconnection device. TIic centers of the 
first via and the second via are non-coil inear. This feature may advantageously allow for inner layers of the 
electrical interconnection device to have additional space for placing additional signal traces. In a related 
embodiment, an electrical interconnection device includes a uniformly spaced set of pads on the surface. Via 
30 groups, comprising a first set of vias and a second set of vias, extend from the uniformly spaced surface pads. 
Spacing among the second set of vias is non-uniform. This feature may also advantageously allow for inner 
layers of the electrical interconnection device to have additional space between vias for placing additional signal 
traces. . . . • ■ ' 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Oiher objects and advantages of tlie mvention v/ill become apparent upon reading the following 
detailed description and upon reference to the accompanying drawings m which: 

S Fig. lA IS a block diagram illustrating a top view of an embodiment of a printed wiring board 

configured to receive an integrated circuit and a bottom view of an embodiment of the 
integrated circuit configured to be mounted on the printed wiring board; 

Fig. IB is a block diagram of a top view of an embodiment of a printed circuit board comprising the 
integrated circuit of Fig. lA mounted on the printed wiring board of Fig. lA; 
10 Fig. IC is a block diagram of a side view of the printed circuit board of Fig, IB; 

■Fig. ID is a block diagram of a close-up, cut-av/ay view of the highlighted area of Fig, IC illustrating 
the connections, between the integrated circuit and the printed wiring board as well as an 
embodiment of the via locations of both the integrated circuit and the printed wiring board; 

Figs. 2 A and 2B show embodiments of surface pads of the printed v/iring board and respective 
1 5 locations where the vias may . intersect the surface pads; 

Figs. 3 A and3B inu.suate an embodiment of internal layers of an electrical interconnection device 
shov/ing respective locations of vias and potential signal traces; 

Figs. 4A, 4B, 4C, and 4D are front, top views of embodimenta of staircase via groups linking a surface 
pad to a core via; 

20 Figs. 5A, 5B, 5C, 5D, and 5E illustrate top views of embodiments of various layers of a portion of an 

electrical interconnection device, where the layers differ in the numbers and locations of pads, 
vias, cormections, and signal traces; and 
Fig, 5F illustrates a cut-away, side view of the electrical interconnection device of Figs. 5A-5E. 

~5 While the invention is susceptible to various modifications and alternative forms, specific 

embodiments thereof are shown by way of example in the drawings and will herein be described in detail. It 
■ should be understood, however, that the drawings and detailed description thereto are not intended to limit the 
. invention to the particular form disclosed, but on the contrary, the intention is to cover all modifications, 
equivalents and alternatives falling within the spint and scope of the present invention as defined by the 
30 appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

For the purposes of this disclosure, the term "electrical intercormection device*' may used to generically 
describe a printed wiring board, a printed circuit board, an integrated circuit package, a semiconductor device 
35 connector, or other mounting stnicmres usable to provide stability to cormections to an electrical or electronic 
device. Tlie terms "printed circuit board'* and "printed wiring board" shall be distinguished through the 
placement or lack thereof of one or more electrical or electronic devices on the surface of the respective board. 
The term "integrated circuit" shall mean a device, designed to be attached to a printed wiring board, that 
includes a "semiconductor device" (also referred to as a "semiconductor") and a "semiconductor package*' (also 
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referred to as a ''package" or an ''integrated circuit package"), which protects the semiconductor device and 
provides means for electrically attaching the semiconductor device to the printed wiring board. It is noted that 
the integrated circuit and the package of the integrated circuit are both referred to with reference number 101. 

5 Fig. 1 A - Printed Wiring Board and Integrated Circuit : 

Turning to the figures, Fig. 1 A shows a block diagram illustrating a top view of an embodiment of a 
printed wiring board 100 configured to receive an integrated circuit 101 and a bottom view of an embodiment 
of the integrated circuit 101 configured to be mounted on the printed wiring board 100. As shown, the printed 
wirmg board 100 includes pads 102, while the package of the integrated circuit 101 includes connectors 103. 
10 The pads 102 and the connectors 103 are arranged such that each one of the pads 102 aligns with a 
corresponding one of the connectors 103. It is contemplated that any type or arrangement of pads and 
connectors may be used. The method of manufacture of the electrical interconnection devices described herein 
is preferably lamination, although other methods,- such as ceramic and serniconductor processing techniques, are 
also contemplated. 

15 

Figs. IB and IC - Printed Circuit Board 

Fig. IB is a block diagram of a top view of an embodiment of a prmted circuit board 109 comprising 
an integrated circuit 101 moimted on a printed wiring board lOO. Fig. IC illustrates a side view of the printed 
circuit board 109 of Fig. IB. The printed wiring board 100 is shown to include a width 104, preferably 
20 comprising a plurality of layers. The layers may include, in various embodiments, top and bottom surface 
layers ahd one or more internal layers. One embodiment of highlighted area 199 is shown in detail in Fig, ID. 
The preferred means of mounting the integrated circuit 101 on the printed wiring board 100 is soldering using 
solder balls. It is noted that other mounting methods may be used, as is well known in the art. 

25 Fig. ID - Close-Up, Cut-Away View of Printed Circuit Board . . 

Fig. ID is a block diagram of a close-up, cut-away view of an embodiment of the highlighted area 199 
of Fig. iC. As shown, Fig. ID illustrates the connections between the integrated circuit 101 and the pnnted 
wiring board 100 as well as an embodiment of the via 140 locations of both the integrated circuit lOT and the 
printed wiring board 100. It is contemplated that the angle between the pads 102/^103 and vias 140 riiay differ in 

30 other embodiments from the 90 degrees shown in Fig. ID. - 

As illustrated, integrated circuit 101 includes a packaged semiconductor 105. The semiconductor 105 
is connected to the package through intercormects 107. Interconnects 107 may be wiring bonding, flexible 
circuits, or other interconnects as are well known in the art. Tlie interconnects 107 electrically couple the 
semiconductor 105 through the vias 140 to the connectors (or pads) 105 on a surface 107A of the integrated 

35 curcuit 101. In the embodiment of integrated circuit 101 shown, the vias 140 extend substanrially orthogonally 
into the integrated circuit 101 from locations offset from a central location of each corresponding connector 
103. Spacing 1 1 1 between closer pairs of vias 140 is smaller than spacing 1 13 between more distant pahrs of 
vias. The connectors 103 are preferably arranged in a uniformly spaced array. It is noted that the integrated 
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circuit 101 includes a plurality of inienial layers. 107B. 107C, and 107D. In other implementations, there may 
be more or fewer layers than as shown. 

A portion of the printed wiring board 100 is also shown in Fig. ID. As illustrated, the printed wiring 
board 100 includes a preferably uniformly spaced array of pads 102 on the surface 106 A of the printed wiring 
5 board 100. Jt is noted that the connectors 103 of the integrated circuit 101 and the pads 102 of the printed 
wiring boa.d iOO align, allowmg the mtegrated circuit 101 to be mounted on the prmted wiring board 100. A 
plurality of vias extends substantially orthogonally from the pads 103 from a location offset from a central 
location of each corresponding pad 102. Spacing 112 between closer pairs of vias 140 is smaller than spacing 
114 between more distant paurs of vias. It is noted that the printed wiring board 100 includes a plurality of 
10 internal layers, 106B, 106C, and 106D. In other embodiments, tlaere may be more or fewer layers than as 
shown. 

Figs. 2A and 2B — Surface Pads ^ 

Embodiments 200A and 200B of land grid array (LGA) surface pads and connecuons to vias 140 
15 offset from the centers of the pads 21OA/210B are shown in Figs. 2A and 2B. A uniform array 200A of LGA 

surface pads 210A is shown in Fig. 2A- The pads 210A are substantially square in shape with rounded comers. 

Each surface pad 210A has dimensions 230A with inter-pad row spacmg 235A and column spacing 236A. The 

vias 140. are offset from the cemerhne of the of LGA surface pads 21 OA by distance 240A. Note that the 

direction of the offset, distance 240A ahemates from column to column and row to row. Although the offset 
20 distance is shown to change in a uniform way, other patterns of change are contemplated, from row to row and 

column to column, both separately and together. Referring to the other figures may identify further aspects of 

Fig.2A. 

Similarly, a uniform array 200B of LGA surface pads 21 OB A is shown in Fig, 2B. The pads 21 OB are 
substantially circular in shape with flattened edges. Each surface pad 2 1 OB has dimensions 23 OB with inter-pad 

25 row spacing 235B and column spacmg 236B. The vias 140 are offset from the centedine of the of LGA surface 
pads 2,1 OB by distance 240B. Note that the direction of the offset distance 240B alternates from colunm to 
column and row to row similarly to 240 A, Although the offset distance is show^n to change in a uniform way, 
other patterns of change are contemplated from row to row and column to column, both separately and together. 
Pvcferring to the other figures may identify further aspects of Fig. 2B 

30 Although LGA pads 21 OA/21 OB are illustrated in Figs. 2 A and 2B, other types of pads or surface 

cormection areas or connectors are contemplated, including various ball grid arrays (BGA), including tape (or 
tab) BGA, ceramic column grid array (CCGA), or chip scaled packages (CSP). Other arrangements of surface 
pads (or connections} other than the square array shown are also contemplated. It is noted that surface pads 
may be used on any of the embodiments of an electrical intercormection device. It is also noted that surface 

35 pads may have a physical size as sniall as the cross-sectional area of the vias to which the surface pads intersect. 
In effect, a surface pad may compnse nothing more than the top of the via. 
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Figs. 3A and 3B — Electrical Interconnection Device Internal Layers 

A diagram of an embodiment of a ponion of an internal layer of an electncal interconnection device 
300 showing respective locations of via pads 120 and vias 140 and possible locations for signal traces 1 10 (also 
referred to as signal traces 1 10). It is noted that the vias 140 may.be centered in the via pads 120 on the internal 
5 layers of the electrical interconnection device 300 without regard to where the vias 140 intersect with surface 
pads on a surface of the electrical interconnection device 300, Each via 140 extends through to one or more 
additional layers (upwards, out of the page and/or do^AOiwards, into the page) of the electrical interconnection 
device 300. It is noted that vias 140 often have optional via pads 120 on internal layers. Each via pad 120 may 
readily provide for electrically connecting a signal trace 1 19 to the respective via 140 to which the via pad 120 
10 connects. 

Tlie signal traces 119 shown in Fig. 3 A are potential only, as each individual design is limited to some 
number less than the maximum number of signal traces 119 shown. In this embodiment, the signal traces 1 19 
are grouped in rows and columns 115/116 m alternating groups of twos U5jK/B mid ones 1I6A/B- Likewise^ 
the vias 140 (with via pads 120) are -placed in rows and columns 122/123 wiiii alternating spacing' for the 

15 number of signal traces 119 that may be placed therebetween. As shown, neighboring columns of vias 140 
having the same letter (AA or BB) have xwo potential signal tiaces 115A/B therebetween and spacing 127A, 
while neighboring columns of vias 140 with differing letters (AB or BA) have one potential signal trace 116 
' therebetween and spacing 125A. Spacing 125 as showTi is less tlian spacing 127, it is noted that row spacings 
125B and 127B may be similar or different from the column spacings 125 A and 127A. 

20 In other embodiments, spacing 125 allows for as few -as no (zero) signal tracings between the rows 

and/or columns of pads 120 and as many as desired. Spacing 127 may allow fot any number of signal traces 
greater than or equal to spacing 125. The difference in the number of signal traces inside spacing 125 and 
spacing 127 will preferably be any non-zero integer number, as desired. The one signal trace 116 and two 
signal trace 1 15 example shown is exemplary only, and is referred to as ''one-and-one-half tracking". ' • 

25 Fig. 3B is a diagram of the embodiment of Fig. 3A showing additional possible connections between 

the signal traces 1 19 on the electrical interconnection device 300. Buried via pads 130-132 are via pads on the 
illustrated layer 300 of a buried via pair, a buried via that extends from one tntefnal layer to another internal 
layer with buried via pads at each end. Buried via pairs may advantageously allow for connecting signal traces 
on different layers without obstmcdng signal trace routing on other layers, as would occur if a via extended 

30 through all layers of the electrical interconnection device 300. Buried via pad 130 connects one X track 
location and one Y track location on this layer with one X track location and oiie Y track location on another 
layer. Buried via pad 131 is shown cormecting the same Y track as buried via pad 130 in another location on 
this layer and a single X track of two possible tracks in another location. Similar tracks on another layer would 
also be connected. Buried via pads 132A/B show two possible ways to coiuiect a single X track location and a 

35 single Y track location at an intersectio^i of two X tracks and tw,'o Y tracks. Of the four diagonals available at 
the intersection of two X tracks and two Y tracks, only two diagonals may be used at one time. Referring to the 
other figures may identify fuither aspects of Fig. 3B. 
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Figs. 4A-4D - Via Groups 

In each of Figs. 4A-4D, one or more vias electrically connec: a surface pad to a core via. In each 
illustrated embodiment of a via group, a first via extends from a top layer, usually a surface, to a bottom layer, 
usually an inner layer. The first via makes an electrical connection between the two layers. The first via also 
5 electrically connects to a pad on the surface. A second via extends between the bottom layer of the first via to 
another layer, usually another inner layer. Tne second via is positioned such that the centers of the first via and 
the second via are non-collinear, that is, the first via and the second via are separate and do not lie along, the 
same line, but ihey are electrically connected, usually through a short signal trace. 

In vanous embodiniems, the via group may also include a third via. The third via extends from the 
10 bottom layer of the second via to another layer and electrically connects to the fnrst and second vias. In one 
embodiment of the via group, including the third via, the second and third vias are non-coliinear. In another 
embodiment, the fmt, second, and third vias are all non-coUinear. Via groups are preferably positioned internal 
to an electrical interconnection device to pravide additional room for the placement of signal traces beyond the 
space available with an electrical interconnection device that does not have via groups similar to those 
15 described, 

It is noted that Fig. 4 A, AC, and 4D show the via in pad extending from a central location from the 
surface pad. In other embodiments, the via may extend from a location offset from the center of the pad. In 
general, a "blind via" is a via that extends from a first layer, usually a surface layer, to only a limited number of 
internal layers. A "buried via" is a via that- extends from one internal layer to another internal layer. A "core 

20 via" is a via that extends through a central portion of an electrical interconnection device and may extend from 
surface to surface. A "microvia" is a small via, usually created by a method other than mechanical drilling. 

Tiiming to Fig. 4A, a top, front view of an embodiment of a via group 400A is shown linking a surface 
pad 410 to a core via 445. As shown, a ball grid array (BGA) surface pad 410 is intersected by a via 415 (also 
known as "via in pad"), which is preferably a microvia 415. Microvia 415 includes an internal hole 405, as is 

25 v/ell known in the an, and a pad 420 at the bottom of the nucrovia 415. The core via 445 mcludes a pad 440, 
• which is connected to the pad 420 of the microvia 415 by a trace 423. Core via 445 also includes an internal 
hole 439, which is normally formed by mechanical drilling. Via 445 and microvia 415 are separated on the 
centerline by a distance 480A. In one implementation of via group 400 A, microvia 415 is a blind microvia, 
extending from a surface to tlie first internal layer, while via 445 is a drilled core via extendmg from the first 

30 internal layer to the last mtemal layer. 

In Fig. 4B, another embodiment of a via group 400B is shown. A BGA surface pad 410 is separated 
by a distance 480B from a first via 430, which is preferably a microvia 435. Microvia 430 includes an internal 
hole 424, and pads 425 and 435 at the top and bottom of die microvia 430, respectively. Pad 410 is connected 
to pad 425 by a short trace 423,: Another short trace 438 coimects microvia 430 with a core via 445. Core via 

35 445 includes a pad 440 and an internal hole 439. Via 445 and rnicrovia 430 are separated on the centeriine by a 
distance 481B. 

In Fig. 4C, still another embodiment of a via group 400C is shown. A BGA surface pad 410 is 
mter-xted by a via 415, which is preferably a nucrovia 415. Microvia 415 includes an internal hole 405 and a 
pad 420 at the bottom of the microvia 415. Microvia 41 5 is connected by a short trace 423 to a second via 430, 
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which IS also preferably a microvia 430 and which is separated from ihc rrucrovia 415 by a centerline distance 
4S0C. As shown, microvia 430 is a hidden via, a via that does not extend to a surface of the electrical 
interconnection device. Microvia 430 includes an iniernal hole 424. and pads 425 and 435 at the top and 
bottom of the microvia 430, respectively. Another short trace 438 connects microvia 430 with a core via 445, 
5 Core via 445 includes a pad 440 and an internal hole 439. Via 445 ^nd microvia 430 are separated on the 
centerhne by a distance 48 IC. 

In Fig. 4D, another embodiment of a via group 400D is shown. .A BGA surface pad 410 is intersected 
by a via 415, which is preferably a microvia 415. Microvia 415 includes an mternal hole 405 and a pad 420 at 
the bottom of the microvia 415. Microvia 415 is connected by a short trace 423 to a second via 430, which is 
10 also preferably a niicrovia 430 and which is separated from the rmcrov :;3 - ] 5 by a centerline dist3.nce 480D. As 
shown, imcrovia 430 is a hidden via, a via that does not extend to a surface of the electrical interconnection 
device. Microvia 430 mcludes an internal hole 424, and pads 425 a,nd 4?;" at the top and bottom of the microvia 
430, respectively. Another shon trace 438 connects microvia 430 with a core via 445. Core via 445 includes a 
pad 440 and an internal hole 439. Via 445 and imcrovia 430 aie separated on the c;-ni2rline by a distance 481 D. 
15 It is noted that the angle between trace 423 and trace 43S is c on '-inp hired as bemg other than the 180 

degrees illusn-atcd in Fig. 4C or the 0 degrees illustrated in Fig. 4D. In one aniictpatcd use related to. Fig. 4, 
solder used to secure an integrated circuit or other device to the EGA pad 43 0 <>iuit. leaks into BGA pad via 
hole 415. In the embodiments shcw^, the solder may fill the hole 415 to die surfac;, advantageously resulting 
in a solder joint with improved mechanical stabilit>\ No solder should leak mto via ho)es 425 and 445, as these 
20 via holes are internal to the electhcal interconnection device. This Hnnts the amount of solder lost while the 
computer chip is mounted. 

It is noted that these embodiments 400A-400D are anticipated for use where the anay of yorface pads 
does not line up well with the locations of the core v:as 445, Although BGA pads are shown, other types of 
pads or surface connection areas or connectors are contemplated. Other geomemes of surface connection areas 
25 other than those shown are also contemplated. 

In a preferred implementation, the via groups 400A-400D is synimetncai with respect to the top and 
bottom layers of the eiectncal mlercormection device. For example, via 415 is a part of the top and bottom 
layers of the electrical intercormection device. Microvia 430 is a pan of the second and next-to-boitom layers, 
while via 445 penetrates all other layers of the electrical interconnection device. Referring to the other figures 
30 may identify further aspects of Fig. 4. 

Figs. 5A-5F - Layers of a Printed Wiring Board 

Figs. 5A-5E illustrate top views of an embodiment of an electrical interconnection device. In 
particular, multiple layers of a portion of a printed wiring board are shown where the layers differ in the 
35 numbers of locations of vias and coimections. Fig. 5F is a cut-away, side view cutting through the middle of the 
layers shown in Fig. 5A, 5B, 5D, and 5E. 

In Fig. 5A, a plurahty of surface pads 510 is shown on surface layer 501. The surface pads 510 are 
arranged m a square array, with each pad 510 connected through a trace 523 to a top pad 525 associated with a 
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via 530. The centerlme distance berween the pad 510 and the via 530 is 5S0. It is noted that the plurahty of 
vias 530 is shown in an arrayed fashion. The view given in Fig. 5F is also shown. 

In Fig. 5B, the bottom pads 525 of the vias 530 are shown connected to the pads 540 of the vias 545 
through traces 538 of vaiyinu length on layer 502, These varying lengths of the traces 538 lead to centerline 
5 separation distances between pairs of via 530 and via 545 ranging form a mmimal distance 581 A to a maximum 
distance 58 IB. It is noted that the vias 545 as shown are core vias 545. 

In Fig. 5C, the positions of the core vias 545 are illustrated to point out how the arrangement of the 
core vias 545 differs from the array of the surface pads 510, shown in Fig. 5 A. The alternating pattern of rows 
and columns of layer 503 A is similar to that shown in Figs. 3 A and 3B. The centerline separation distance 
10 between the closer groups of vias is 545, while the centerline separation distance berween the more distal groups 
of vias 545 is 514. 

In Fig. 5D and 5E, locations of representative signal traces 519A-519F are shown with respect to the 
vias 545. On layer 503B, signal n-ace 5 1 9A extends from a first via pad 540 and nms horizontal Signal traces 
519B and 519C each extend from a respective via pad 540 and run vertically away from the respective via pad 

15 540. On layer 503C, signal, traces 519D and 519E each extend from a respective via pad 540 and run 
horizontally. Signal: traces 51 9F extend from a via pad 540 and runs horizontally, away from the via pad 540. It 
is noted that the signal traces 519 shown in Figs, 5D and 5E are **half tracked", that is, there is space for one 
signal trace between the .m.CTe widely spaced rows and columns (distance 514) and no space for signal traces 
between tlie more narrowly spaced rows and columns (distance 5 12). . • t 

20 Fig. 5F illustrates thcicut-away, side view of the layers 501, 502. 503B, and 503C. .Surface pads 510 

are connected tlirough traces 523 to via pads 525 of vias 530. Via pads 535 of vias 530 connect through traces 
538 to via pads 540 of core vias 545 on the uppermost layer of core vias 545. Via pads 540 are identified on 
layers 503B and 503C The locations where signal traces 5I9B, 519C, 519D, and 519E intersect the view of 
. Fig. 5F are shown, as is the separation distances 512 and 514. From the side, via groups 550 are seen to each be 

25 similar to via group 400D of Fig. 4D. 

;^ . : Numerous variations and modificalions will become apparent to those skilled m the art once the above 
disclosure is fully appreciated. It is intended that the following claims be mterpreted to embrace all such 
variations and modifications. 
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WHAT IS CLAIMED IS: 

1. A printed wiring board upon which a senuconductor package is to be mounted, the printed wiring 
board comprising: 

a plurality of pads fonned on a surface of the printed wiring bot.rd for providing electrical connections 

to the semiconductor package; and 
a plurality of vias each extending from a corresponding pad to another layer of the printed wiring 
board, wherein each of the plurality of vias is offset from a central location of its 
corresponding pad. 

2. The prmted wiring board of claim 1, wherein the plurality of pads are each adapted to be solder bonded 
to a respective corresponding pad on the semiconductor package. 

3. llie printed wiring board of claim 1, wherein each of die piuraiiry of pads is substantially circular. 

4. The prmted wiring board of claim 3, wherein the central location of the corresponding pad is the center 
of each substantially circular pad. 

5. The printed wiring board of claim 1, wherein each of the plurality of pads is substantially square. 

6. The printed wiring board of claim 5, wherein the central location of the corresponding pad is the center 
of each substantially square pad. 

7. The printed wiring board of claim 1, wherein the seiniconductor package includes an array of evenly 
25 spaced connectors, and wherein the plurality of pads are symmetrically an-anged such that each pad aligns with 

a corresponding connector on tlie semiconductor package when tl:ie senuconductor package is mounted on the 
printed wiring board. 

8. The printed wiring board of claim 1, wherein each of the plurality of vias extends substantially 
30 orthogonally from the surface into the printed wu*mg board. 

9. The prmted wuing board of claim 1, wherein the plurality of pads form a imiformly spaced array of 
pads. 

35 10. Theprinted wiring board of clairn 1, fuither comprising: 

a plurality of layers including an internal layer, wherein the plurality of vias extend from the surface to 
the internal layer; 

wherein the plurality of vias includes at least three consecutive rows of vias, wherein a spacing 
between a fu-st row of the three consecurive rows of vias and a second row of the three 
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consecutive rows of vias is greater than the spacing between the second row and a third row 
of the three consecutive rows of vias. 

1 1 . The printed wiring board of claim 10, further comprising: 

5 a fu-st set of signal traces located bet'A/een the first and second rows of the three consecutive rows of 

vias; and 

a second set of signal traces located between the second and third rows of the three consecutive rows of 
vias, wherein a number of signal traces in the fnrst set of signal traces and the number of signal 
traces in the second set of signal traces differs by a non-zero integer, wherein the signal traces 
10 of the first and second sets of signals traces are substantially uniform in width. 

12. Tht printed wiring board of claim 1, further comprising: 

a plurality' of layers mcluding a first intemal layer and a second internal layer; and wherein the 
plurality of vias includes a first via and a second via. wherein the fxrst via extends to the fu-st 
1 5 intemal layer and the second via extends to the second intemal layer, wherein the first via is 

physically and electrically connected to a first signal trace on the first intemal layer, and the 
second via is physically and electrically cormected to a second signal trace on the second 
intemal layer. 

20 13. The printed wiring board of claim \, wherein the plurality of vias are grouped into a plurality of via 
groups, wherein each of the plurality of via groups includes a plurality of electrically interconnected non- 
coHinear vias, 

14. A semiconductor package for mounting upon a printed wiring board, the semiconductor package 

25 comprismg: 

• , a plurality of pads formed on a surface of the semiconductor package for providing electrical 
connections to the printed wiring board; and 
a plurality of vias each extending from a corresponding pad to another layer of the semiconductor 
package, wherein each of the plurality of vias is offset from a central location of its 
30 corresponding pad. 

15. The semiconductor package of claim 14, wherein the plurahty of pads are each adapted to be solder 
bonded to a respective corresponding pad on the prmted wiring board. 

35 16. The semiconductor package of claim 1 4, wherein each of the plurality of pads is substantially circular. 

17, The semiconductor package of claim 16, wherein the central location of the corresponding pad is 
associated with the center of each substantially circular pad. 
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IS. The semiconductor package of claim 14. wherein each ofibe plurality of pads is substantially square. 

19. Tlie semiconductor package of claim 18, wherein the central location of the corresponding pad is 
associated with the center of each substantially square pad. 

5 

20. The semiconductor package of claim 1 4, wherein the printed wiring board includes an array of evenly 
spaced connectors, and wherein the plurality of pads are symmetrically arranged such that each pad aligns with 
a corresponding connector on the printed wiring board when the semiconductor package is mounted on the 
printed wiring board. 

21. The serruconductor package of claim 14, wherein each of the plurality of vias extends substantially 
orthogonally from the surface into the semiconductor package. 

22. The semiconductor package of claim 14, further comprising: 

15 a plurality of layers includiiig an internal layer, wherein ttic piuralir;/ of vias extend from the surface to 

ttie internal layer; 

wherein the plurality of vias includes at least three consecutive rows of. vias, wherein a spacing 
between a fust row of the three consecutive row*? of vias and a second row of the three 
consecutive rows of vias is greater than the spacing bet^veen the second row and a third row 
20 of the three consecutive rows of vias. 

23. The semiconductor package of claim 22, further comprising: 

a ftrst set of signal traces located between the first and second rows of the three consecutive rows of 
vias; and 

25 a second set of signal traces located between the second and third rows of the three consecutive rows of 

vias, wherein a number of signal traces in the fu st set of signal tiaces and the number of signal 
traces in the second set of signal traces differs by a non-zero integer, wherein the signal ti'aces 
of the first and second sets of signals traces are substantially uniform in width. 

30 24. The semiconductor package of claim 14, further comprising: 

a plinrahty of layers including a first internal layer and a second internal . layer; and wherein the 
plurality of vias includes a first via and a second via, wherein the first via. extends to the first 
internal layer and the second via extends to the second internal layer, wherein the first via is 
physically and electrically connected to a first signal trace on the first internal layer, and the 

35 second via is physically and electrically connected to a second signal trace on the second 

internal layer. 
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25. The printed wirmg board of claun 14, wherein the plurahiy of vias are grouped into a plurality of via 
groups, wherein each of the plurality of via groups includes a plurality of electrically interconnected non- 
coilinear vias. 



5 26. An electrical interconnection device, comprising: 

a first via extending from and nriaking an electrical connection from a surface of the electrical 
interconnecnon device to a fust inner layer of the electrical interconnection device, wherein 
the first via further tnakes an electrical connection to a pad on the surface of the electrical 
interconnection device; and 

0 a second via providing an electrical connection from ihc fust inner layer of die electrical 

interconnection device to a second layer of the electrical interconnection device, wherein the 
second via is positioned such that the centers of r];e first via and the second via are non- 
collinear, and wherein the first via and the second via are electrically connected. 

5 27. Tl;ie electrical interconnection device of ciainv26s where)i] the second layer of the electrical 
interconnection device is a second internal layer of the electrical interconnection device; the electrical 
interconnection device further comprising: 

a third via extending from and making .an electrical connection from the second internal layer of the 
electrical interconnection device to a third layer of the electrical interconnection device, 
) wherein the second via and the third via are electrically connected. 

28. The electrical interconnection device of claim 27, wherein the third via is positioned such that the 
centers of the second via and tlje third via are non-collinear. 



25 29. TTie electrical uxterconaextioii device of claun 28, wherem the ttiird via is positioned such that the 
centers of the first via, second via, and th,e third via are all non-collinear. 

30. The electi'ical interconnection device of claim 26, wherein the fusT via extends from a central location 
in the pad on the surface of the electrical intercoimecrion device. 

30 

3 \. The electrical interconnection device of claim 26, wherein the first via extends from a location in the 
pad on the surface of the electrical interconnection device which is offset from the center of the pad 



An electrical interconnection device, composing: 

a uniformly spaced set of pads on a surface cf the electrical interconnecnon device; 

a first set of vias extending from the uniformly spaced set of pads on the surface of the electrical 
interconnection device and making an electrical connection from the surface of the electrical 
intercoimecrion device to a fust inner layer of the electrical intercormection device; 
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15 



a second set of vias extending from the first inner layer of the eiectncal mterconnection device to a 
second layer of the electrical interconnection device, wherein each of the second set of vias is 
positioned offset from eacli of . the first set of vias. wherein each respective one of the first set 
of vias is electrically comiected to a respective one of the second set of vias, whereby a 
spacmg among the second set of vias at the second layer of the eiectncal interconnection 
device is non-uniform. 

33. The electrical interconnection device of claim 32, wherein each of the first set of vias extends from a 
central location in a respective pad of the uniformly spaced set of pads on the surface of the electrical 
interconnection device, whereby the spacing among the first set of \'ia5 at the first inner layer of the electrical 
interconnection device is uniform. 

34. The electrical interconnection device of claim 32, wherein each of the first set of vias extends from a 
location m a respective pad of the uniformly spaced set of pads on the surface of vhe electrical interconnection 
device which is offset from the center of the pad, whereby the spacmg among the first set of vias at the first 
inner layer of the electrical interconnection device is ncn-unifomi. 



35. A printed circuit board, comprising; 
a printed wiring board, including: 
20 a plurality of pads formed on a surface of the printed wiring board for providing electrical connections 

to a semiconductor package mounted on the printed wuing board; and 

a plurality of vias each extending from a corresponding pad to another layer of the printed wiring 
board, wherein each of the plurality of vias is offset from a central location of its corresponding pad; and 
an integrated circuit mounted on the printed wiring board, tlie integrated circuit including-: 
25 one or more semiconductor chips configured to perform processing or storage operations; and 

a semiconductor package configured to provide electrical connections and mechanical stability to the 
one or more semiconductor chips, wherein the semiconductor package includes a plurality of cormectors 
electrically coupled to tlie one or more semiconductor chips; and 

wherein the plurality of pads and the plurality of cotuiectors are arranged such that each pad is 
30 physically and electrically mated with a coriespondmg connector on the semiconductor package. 

36. The printed circuit board of claim 35, wherein the plurality of pads includes a uniformly spaced array 
of pads, and wherein tlie plurality of connectors includes a corresponding unifoimly spaced array of cormectors. 

35 37. A printed circuit board, comprising: 

a printed wiring board including a plurality of pads formed on a surface of the printed wiring board for 
providing electrical connections to a semiconductor package mounted on the printed wiring 
board; and 

an integrated ckcuit mounted on the prmted wirmg board, the integrated circuit including: 
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one or more senruconductor chips configured to perform processing or storage operations; 
the semiconductor package configiired to provide electrical connections and mechanical 
stability to tlie one or more semiconductor chips, wherein the semiconductor package 
includes a plurality of connectors on a surface of the semiconductor package 
5 electrically coupled to the one or more semiconductor chips; and 

a plurality of vias each extending from a correspondmg connector to another layer of the 
senuconductor package, wherein each of the plurality of vias is offset from a central 
location of its corresponding connector; and 
wherein the plurality of pads and the plurality of connectors are arranged such that each pad is 
10 physically and electrically mated with a corresponding connector on the semiconductor 

package. 

38. The printed circuit board of claim 37-, wherein the plurality of pads includes a uniformly spaced array 
of pads, and wherein the plurality of connectors includes a corresponding uniformly spaced array of connectors. 

15 

39. The printed circuit board of claim 3.7, wherein the printed wiruig, board further includes: 

a plurality of vias each extending from a corresponding pad to another layer of the printed 
wiring board, wherein each of the plurality of vias is offset from a central location of 
its corresponding pad. 

20 

40. An electrical interconnection device, comprising: 
a plurality of via groups; 

a plurality of layers interconnected by the plurality of via groups, wherein each of the plurality of via 
groups includes a plurality of electrically interconnected non-coliinear vias; and 

25 ■ ■ a plurality of pads formed on a surface layer of the plurality of layers, wherein a respective 

one of the plurality of via groups extend to another layer of the electrical intercormection 
device from, each of the plurality of pads, wherein each via group extends from a central 
location of its corresponding pad, wherein the plurality of via . groups includes a first via 
group, wherein the first via group includes: 

30 a blind via electrically connecting a pad located on a surface of the electrical interconnection device to 

fewer than all layers of the electrical interconnection device and ending on a first internal 
layer of the electrical interconnection device; 
a hidden via electrically connecting the blind via to an additional internal layer of the electrical 
interconnection device, wherein the blind via and tlie hidden via are physically connected 
through a conducting trace on the fu-st internal layer of the electrical interconnection device, 
wherein the centers of the blind via and the hidden via are non-collinear; and 
a core via electrically coupled to the hidden via, wherein the core via physically and electrically 
cormects the additional internal layer to one or more internal layers of the plurality of layers 
without extending to any surface of the electrical interconnection device, wherein the core via 

15 
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ends on a second internal layer, wherein the hidden via and the core via are physically 
connected through a conducting trace on the additional internal layer, and wherein tlie centers 
of the hidden via and the core via are non-coUinear. 

5 41. The electrical inierconneciion device of claim 40, wherein the centers of the blind via and the core via 
are non-coUinear. 

42. The electrical interconnection device of claim 40, wherem the centers of the blind via and the core via 
are collinear, 

10 
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